Introduction
============

Lumbar foraminal stenosis is a pathological condition in which degenerative changes of the vertebral column cause foraminal and extra foraminal entrapment of nerve roots and lumbar nerves. The dorsal root ganglion, which contains pain receptors, is also present at this site, causing marked pain, and the condition is intractable \[[@B1]\]. However, there is a hidden zone in this region \[[@B2]\], which remains easy to overlook even with advanced diagnostic imaging methods, and which is a factor in worsening the surgical outcome. Currently, the false-positive rate using magnetic resonance imaging (MRI) is approximately 30% to 40% when diagnosing lateral lesions of lumbar nerve roots that branch off from the spinal cord. This rate is extremely high and diagnosis is difficult \[[@B3]\]. A new method of diagnostic imaging is desired.

Diffusion weighted imaging (DWI) uses MRI to focus on the diffusion of water molecules. A motion problem gradient (MPG) is extracted and created by comparison to the diffusion movement of protons \[[@B4][@B5][@B6][@B7]\]. DWI is indispensable for the diagnosis of an acute cerebral infarction \[[@B8]\], and is currently widely-used in clinical practice \[[@B9][@B10]\]. DWI is strongly affected by the ease of diffusion of water molecules and by the direction of the diffusion. Because the axonal cell membrane and myelin sheath in the nerve fibers prevent diffusion in the direction parallel to the nerve fiber fascicles, isotropy of the diffusion of water molecules is lost. This state is known as diffusion anisotropy, and selectively recording this information is known as diffusion tensor imaging (DTI) and tractography. The diffusion data can be used for the determination of a scalar fractional anisotropy (FA) value that reflects the directionality of the molecular diffusion. FA values range from 0 to 1, with high FA values indicating anisotropic diffusion and low FA values indicating more isotropic diffusion. There is high diffusion anisotropy in interstitial medullated nerves as the direction of water molecule diffusion is limited to parallel to the nerve fibers due to the presence of a myelin sheath. However, diffusion anisotropy is reduced by demyelinating and degenerative conditions accompanying nerve injury, such as spinal cord injuries, and the FA value decreases. In recent years, the usefulness of DTI for demyelinating and degenerative diseases, such as multiple sclerosis, and chronic compressive lesions of peripheral nerves, such as carpal tunnel syndrome, has been reported \[[@B11][@B12][@B13][@B14]\]. We have reported that tract interruption occurs at the area of stenosis in patients with lumbar foraminal stenosis when investigated using DTI, with decreasing FA values \[[@B15]\]. Here, we report on a case of L5 foraminal stenosis that was difficult to diagnose and where DTI was useful for making the diagnosis.

Case Report
===========

The patient was a 52-year-old woman. She had a chief complaint of low back pain, pain in the legs, predominantly on the right, numbness in bilateral foot soles and intermittent claudication after 20 minutes. The foot sole numbness, leg pain and low back pain started 5 years prior. She was first examined 4 years ago. Foraminal stenosis of L5 vertebrae was observed bilaterally; an L5 nerve root block was temporarily effective and the leg pain recurred. The patient was resistant to oral medications (tramadol hydrochloride, pregabalin). The nerve findings elicited using the manual muscle test were as follows (right side/left side): iliotibialis 5/5, quadriceps 5/5, tibialis anterior 4/5, extensor hallux longus 4/5, flexor hallus longus 5-/5-, gastrocnemius 5-/5. There was no reduction in sensation. The full term for the Japanese Orthopedic Association (JOA) score was 19/29 (normal score, 29 points); the visual analogue scale (VAS; from 100 \[extreme amount of pain\] to 0 \[no pain\]) for low back pain was 70; the VAS score for leg pain was 80 on the right and 50 on the left; and the VAS for leg numbness was 90 on the right and 50 on the left.

The patient had a history of a massive uterine myoma.

Bilateral L5 foraminal stenosis was observed on MRI and a massive uterine myoma was observed. Computed tomography (CT) images after L5 neuroscopy on the right showed a uterine myoma pressing on the sacroiliac joint from the front ([Fig. 1](#F1){ref-type="fig"}). The central region of the spinal canal was normal with no compression on spinal myelogram CT. Bilateral L5 foraminal stenosis was observed, and an osteophyte was observed projecting into the foramen from the right S1 superior articular process, with the right L5 nerve root compressed ([Fig. 2](#F2){ref-type="fig"}).

No abnormalities of either amplitude or nerve conduction velocity were observed in the tibial or peroneal nerves during electrophysiological studies ([Fig. 3](#F3){ref-type="fig"}).

We considered the sciatic neuralgia to be caused by the massive uterine myoma. One year after the initial examination, we performed a myomectomy. Leg pain was unchanged postoperatively.

To examine for L5 nerve injury due to foraminal stenosis in detail, we performed DTI using a Philips Achieva 1.5T MRI machine.

The DTI series were acquired using spectral presaturation with inversion recovery, and an echo-planar imaging sequence with a free-breathing scanning technique. Patients were scanned in a supine position using a SENSE-Spine-coil. The following imaging parameters were set: 800 sec/mm^2^ b-value, MPG: 15 directions, 10,000/71 ms for repetition time/echo time respectively, axial slice orientation, 3/0 mm slice thickness/gap, 320×213 mm field of view (FOV), 96×192 matrix, 3.3×1.66×3.0 mm^3^ actual voxel size, 1.6×1.6×4.0 mm^3^ calculated voxel size, four excitations, 50 total slices, 10 minutes 31 seconds scan time. Regions of interest included the inside of the vertebral canal, nerve roots, and outside the foramen, and measured the nerve FA values on the affected and unaffected sides.

Interruption of tractography was observed at the L5 vertebral foramen on the right ([Fig. 4](#F4){ref-type="fig"}). FA values (inside of the vertebral canal, nerve roots, and outside the foramen) were 0.434, 0.459, and 0.349, respectively, on the right and 0.194, 0.354, and 0.472, respectively, on the left.

Mean values in five healthy individuals were 0.436±0.021, 0.441±0.017, 0.520±0.020, respectively \[[@B16]\]. The FA values on both the left and right were lower outside the foramen.

Based on the DTI findings, the patient was diagnosed with bilateral vertebral foraminal stenosis. L5/S1 transforaminal lumbar interbody fusion was done to treat the L5 foraminal stenosis. L5/S1 facetectomy on the right was carried out. In addition to an osteophyte, the foramen was extensively compressed by the right S1 superior articular process. The right L5 nerve was decompressed and an intervertebral cage 7 mm in height was inserted between the L5/S1 intervertebral space, and fixed with a pedicle screw ([Fig. 5](#F5){ref-type="fig"}).

Immediately after the operation, the pain in both legs disappeared. One year postoperatively, the JOA score was 26/29, VAS for low back pain was 10, VAS for lower limb pain was 0, and VAS for lower limb numbness were 0 on both the left and right. Marked improvement was apparent.

Discussion
==========

Plain X-ray, CT, and MRI are useful for imaging diagnosis of lumbar foraminal stenosis \[[@B17][@B18][@B19]\], but the rate of false positives is high, and selective nerve root imaging/blocks \[[@B20]\] are used together to reach a comprehensive diagnosis. Recently, the usefulness of three-dimensional (3D)-CT, MR myelograpy \[[@B3][@B21]\], and 3D-MRI \[[@B22]\] have been reported. However, there is no diagnostic method that is useful for determining if the cause of L5 nerve injury is either an L4/5 spinal canal lesion, L5/S1 extraforaminal stenosis, or a double lesion. Electrophysiology used intraoperatively to measure the distal latency of L5 nerve have shown that, compared to a lesion inside the spinal canal, an extraforaminal lesion displayed prolonged distal latency, meaning that it is possible to obtain a diagnosis of foraminal stenosis \[[@B23]\]. However, it is invasive, and there are not yet any noninvasive diagnostic methods. We have reported that tract interruption occurs at the area of lumbar foraminal stenosis when investigated using DTI, and FA values decrease \[[@B15]\].

There are reports of a massive uterine myoma compressing the lumbosacral nerve and causing sciatic neuralgia \[[@B24][@B25]\]. However, in the present case, sciatic neuralgia due to the massive uterine myoma was suspected and a myomectomy was performed, but there was no improvement in the sciatic neuralgia.

No abnormalities of either amplitude or nerve conduction velocity were observed in the tibial or peroneal nerves during electrophysiological studies of the peripheral nerves. Nerve conduction studies are tests that are used to detect nerve conduction disorders peripheral to the knee, but lumbar nerve injuries are localized to the foramen. If Waller degeneration does not extend to the region below the knee, there is the possibility of a false-negative result \[[@B26]\].

FA values in lumbar foraminal stenosis for extraforaminal lesion were significantly lower when compared to lesions within the spinal canal (*p*\<0.01), and the threshold FA value was 0.42 with a sensitivity of 85.7% and a false positive rate of 11.1% with an Odd\'s ratio of 48, indicating a high diagnostic precision (manuscript in preparation). Presently, no abnormalities were evident during the nerve conduction tests. Vertebral foraminal stenosis is difficult to diagnose, even when using conventional diagnostic imaging. When DTI was used to investigate the FA values in detail, the FA values were lower and tract interruption was observed in the foramen. Although these FA values were dependent on the site of nerve compression in cases with extraforaminal stenosis, this led to a diagnosis of foraminal stenosis. There have been a few reports of the use of DTI to image lumbar nerve roots \[[@B27][@B28][@B29][@B30]\]. Balbi et al. \[[@B27]\] used a Fiber Viewer for nerve injury resulting from herniation of an intervertebral disk, and consecutively measured parameters along the fiber bundle. They reported a precipitous drop in the FA value at the site of compression, which supports our results.

The present case of lumbar foraminal stenosis featured no abnormalities observed during nerve conduction studies, and it was difficult to arrive at a diagnosis using conventional imaging diagnostic methods. DTI was useful in this case. Depending on the site of nerve compression in cases with extraforaminal stenosis, the FA values were lower and tract interruption was observed in the foramen, enabling the diagnosis of foraminal stenosis. We believe that DTI is useful for diagnosing lumbar foraminal stenosis.

**Conflict of Interest:** No potential conflict of interest relevant to this article was reported.

![**(A)** Lumbar magnetic resonance imaging (MRI) (T2-weighted image, sagittal): massive uterine myoma (red arrowheads) in contact with the anterior surface of the lumbosacral vertebrae. Left L5 foraminal stenosis (white arrow). **(B)** Lumbar MRI (T2-weighted image, axial): no stenosis in the central region of the spinal canal at L5/S1. **(C)** Right L5 nerve after contrast CT (axial): right L5 nerve (white arrow) compressed between a massive uterine myoma (red arrowheads) and the sacrum.](asj-10-164-g001){#F1}

![Post-spinal myelogram computed tomography. **(A)** Sagittal midline. **(B)** Parasagittal (right) L5 foraminal stenosis (white arrow). **(C)** Parasagittal (left) L5 foraminal stenosis (white arrow). **(D)** L5/S1 axial L5 foraminal stenosis due to right S1 articular process osteophyte (white arrowhead).](asj-10-164-g002){#F2}

![Nerve conduction data.Tibial nerve conduction velocity was 48.1 m/sec on the right and 43.3 m/sec on the left. Peroneal nerve conduction velocity was 48.1 m/sec on the right and 50.0 m/sec on the left. There were no abnormalities observed bilaterally.](asj-10-164-g003){#F3}

![Fusion image made up of the diffusion tensor tractography of the lumbar nerve (L4, L5, S1) and T2-weighted imaging. Interruption in the right L5 nerve at the foramen (white arrow).](asj-10-164-g004){#F4}

![Plain X-ray after lumbar spine surgery showing **(A)** sagittal image and **(B)** anterioposterior image.](asj-10-164-g005){#F5}
